


High TOC and
elevated radioactivity
In basal Marcellus Shale

Location of the Core Uranium Content (ppm)
Allegheny, NY 89 -67.7
Tompkins County, NY 25 53
Livingston County, NY 16.6 —83.7

Levanthal and others (1981)
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Uranium & Thorium to Radium & Radon
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High TOC and abundant pyrite in basal Marcellus Shale

Gamma Log Drill Core Sample Analysis
GR (API) TOC (weight %) Pyrite (%)
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Lash and Engelder (2009)



Horizontal wells target basal Marcellus Shale

Teff (2011)



Top-set rig for drilling vertical
surface-cased interval

Directional rig for drilling
horizontal leg




Wellheads of first two of six
horizontal wells

Walking legs on
directional drilling rig




True Vertical Dopth (ft)

Target horizon (Union Springs Shale) mapped
using offset well logs and seismic
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Logging-while-drilling used to steer lateral
within target beds

Schlumberger (2010)



Drill Cuttings

» Elevated uranium and abundant pyrite in high-TOC black shale
* Multi-horizontal well site will generate more than 500 times the volume
of shale cuttings than single-vertical well site

Core of target interval Drill cuttings



Drilling Fluids and Cuttings

Mixed with sawdust Offsite disposal in landfill



Flowback

Flowhack, hbl 500 2,500 6,000 11,000 15,000
Anions . .
P alkalinity, mg/L as CaCO, 0 ] 0 0 0
M alkalinity, mg/L as CaCO0; 580 560 360 260 160 Contal ns elevated TDS’ Chlorldes’
Chloride, mg/L as CI- 2,000 5,800 16,400 53,000 104,000 1 TaY
Sulfate,mgfLasS[]—‘lE‘ 1,115 910 588 LY 24 barlum’ and radIOISOtOpeS Whose
Cations concentrations increase
Sodium, mg/L as Na'* n4 1,470 2,671 9,062 12,830 . .
Potassium, mg/L as K'+ 27 10 105 381 544
Calcium, mg/L as Ca®* 240 536 1,960 6,840 9,720 d uri ng the fIOWbaCk perIOd
Magnesium, mg/L as Mg 44 73 m 3m 805 I I i
Total hardness, mg/L as CaCO, 780 1,640 5,600 18,500 27,600 approaCh I ng fOI’ma'[IOI’l brl ne
Barium, mg/L as Ba® 0.4 0.5 21 13 70.2
Strontium, mg/L as Sr* 16.5 434 21 995 1,837
Ferrous iron, mg/L as Fe 1.8 0.8 04 0.6 33
Total iron, mg/L as Fe 42 27 33 157 78
Miscellaneous
pH ?.25 3.31 oca o a7 C oo
Total suspended solids, mg/L 90 20 s a5
Specific gravity, giml w1 ws B Flowback Chemical Analysis Trends
Conductivity, pQ 7,160 16,800 37
A ATP (microbiological content), relative 50.000 .
light units 5 6 v —a -Dissolved Solids 4
Microbiological content Low Low | —*—Chlorides 7
Langelier saturation index (LSI) 1.02 2.37 —=—Barium 5 v
Langelier potential scaling Scaling  Scaling  Sca 40,000 —+—Sulfate -
H M N T i -

Calcium sulfate scaling potential Positive Positive Pos _g_ I .T” -
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Total dissolved solids (mg/L)
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Water quality of flowback (1.5 million gallons) from Marcellus shale well after completion of hydraulic
fracturing (Samples were taken at 1, 2, and 3 third intervals of the 2-week flowback period, PADEP)




Uranium

Protactinium

Thorium

Radium

Radon
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Radioactive Decay Series

Thorium-232
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| Radium
v Alpha decay

X Beta decay

Radioisotope and half life
y
Radon

Brine from a Marcellus Shale-Gas Well

Gross Alpha 20,800 pCi/L
Gross Beta 2,390 pCi/L
Radium 226 10,200 pCi/L
Radium 228 1,250 pCi/L
Thorium 228 47.5 pCi/L
Thorium 232 0.0 pCi/L
Uranium 234 0.5 pCi/L

Th-228
191y

Ra-224
364 d



Municipal wastewater treatment
plants not designed to handle
flowback chemistry

%N

Initial Water Frac Water

Reuse of frac water, onsite treatment for
solids / blend with 70 % freshwater



Depth (ft)

Microseismic Mapped Frac Tops and Bottoms
Marcellus Shale

I Deepest Aquifier
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Halliburton (2010)



Structure (folds and faults)

Marcellus
Onondaga

Salt
Lockport
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Seismic survey

Smith and Leone (2010)



TDS (mafL) Chlorides (magiL)
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Water quality of water well impacted by Medina gas drilling



Methane in Water Wells

Marcellus/Utica Gas-Play Area
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Sampling sites
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Distance to Nearest Gas Well (m)

Osborn and others (2011)



Good Zonal Isolation

RESH WATER AQUIFER ZONE

SURFACE CASING =—p

PRODUCTION CASING

SHALLOW PRODUCING ZONE

INTERMEDIATE PRODUCING ZONE

SWIN

Southwestern Energy®

TARGET PRODUCING ZONE



Poor Zonal Isolation

CONDUCTOR PIPE —F

SURFACE CASING =—p

PRODUCTION CASING
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Fractured Zones in Upper Devonian Bedrock

Depth Gamma Caliper ATV Litho
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Pathways for methane and brine migration



Protection of Freshwater Aquifer

Characterization of deep freshwater
and shallow gas and saltwater

JJ LL Conductor

Surface Casing =

Intermediate

2,500 — 4,000 feet

Production

Engineered zonal isolation by
casing, cement, packers, and venting




Geophysical Logs and Base of Freshwater Aquifer
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